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PROBLEM TO BE SOLVED: To clearly etch compound semiconductor films at equal 
speed. 

SOLUTION: Mixed aqueous solution, where 1 pt. (corresponding to 0.36 pts. wt. as 
hydrogen chloride content) of hydrochloric acid (c-HCl: 36 wt.% of hydrogen chloride 
content and specific gravity of 1.18), 1 pt. (corresponding to 0.3 pts.wt. as hydrogen 



peroxide content) of hydrogen peroxide water (30 wt.% of hydrogen peroxide content and 
specific gravity of 1.12) and 10 pts.wt. of 50 vol.% of sulfuric acid (64 wt.% of sulfuric 
acid and specific gravity of 1.54) is prepared, with respect to 10 vol.% of acetic acid 
(specific gravity 1.07) by a volume ratio. The four types of compound semiconductor 
films formed of A10.25Ga0.25In0.5P, Ga0.5In0.5P, A10.5GaO.5As and GaAs are subjected 
to etching with an enchant. 
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1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The etching reagent of the compound semiconductor film which 

consists of a water solution containing four components of an acetic acid, a 

sulfuric acid, a hydrogen chloride, and a hydrogen peroxide. 

[Claim 2] The etching reagent of the compound semiconductor film according to 

claim 1 which has the weight ratio of the hydrogen chloride and hydrogen 

peroxide which are contained in said water solution in or more 0.4 four or less 

range. 

[Claim 3] The etching reagent of the compound semiconductor film according to 
claim 1 whose content of a sulfuric acid the content of a hydrogen chloride is 0.6 
or less [ 0.2 or more ] to an acetic acid 10 by the weight ratio, the content of a 
hydrogen peroxide is 0.5 or less [ 0.16 or more ], and is 18 or less [ 4.6 or more ]. 



[Claim 4] The manufacture approach of the etching reagent of the compound 
semiconductor film of obtaining the water solution which prepared [ the 
hydrochloric acid of 36 % of the weight of hydrogen chloride contents ] or more 
0.5 1 .5 or less and 64% of the weight of a sulfuric acid for with an or more 0.5 
contents [ 1 .5 or less and 30 % of the weight of hydrogen-peroxide contents ] 
hydrogen peroxide solution 20 or less [ 5 or more ] to the acetic acid 10 at the 
rate of a volume ratio. 

[Claim 5] With the etching reagent which consists of a water solution containing 
four components of an acetic acid, a sulfuric acid, a hydrogen chloride, and a 
hydrogen peroxide A part of 1st semi-conductor layer which consists of 
Alx1Ga1-x1-y2lny2P (0.1 <=x1<1, 0<y2<0.9) formed on the semi-conductor 
layer which consists of Ga1-y1lny1P (0 <=y1 <=1) The etching approach of the 
compound semiconductor film of having the process which etches the 2nd 
semi-conductor layer both which consists of Ga1-y3lny3P (0 <=y3 <=1) layer or 
an Alx2Ga1-x2As (0 <=x2<1) layer. 

[Claim 6] The etching approach of the compound semiconductor film according 
to claim 5 of having established the process which carries out selective etching 
of said 1st semi-conductor layer on said Ga1-y1lny1P (0 <=y1 <=1) 



semi-conductor layer with the high selection etching reagent of the selectivity of 
AIGalnP and GalnP after said etching process. 

[Claim 7] The etching approach of the compound semiconductor film according 
to claim 6 that said selection etching reagent consists of a mixed solution of a 
hydrochloric acid and a polyfunctional carboxylic acid. 
[Claim 8] The etching approach of compound semiconductor multilayers 
according to claim 7 that the mixed ratio of the hydrochloric acid / polyfunctional 
carboxylic acid of said mixed solution is [ the volume of the 50 % of the weight 
water solution of said polyfunctional carboxylic acid ] or more 1 four or less range 
to the volume 1 of the hydrochloric acid of 36 % of the weight of hydrogen 
chloride contents. 

[Claim 9] The etching approach of compound semiconductor multilayers 
according to claim 7 or 8 that a polyfunctional carboxylic acid consists of 
dicarboxylic acid or optical inactive hydroxy acid. 
[Claim 10] The etching approach of compound semiconductor multilayers 
according to claim 9 that a polyfunctional carboxylic acid is one chosen from the 
malonic acid and the glycolic acid. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the etching reagent of the 
compound semiconductor film which constitutes the semiconductor device used 



as light emitting devices, such as a light emitting diode and semiconductor laser, 
its manufacture approach, and the etching approach of the compound 
semiconductor film. 
[0002] 

[Description of the Prior Art] Conventionally, generally the compound 
semiconductor film of lll-V groups, such as GaAs, AIGaAs, AIGalnP, and GalnP, 
which constitutes a semiconductor device is produced as epitaxial growth film on 
a compound semiconductor substrate of the same kind using metal-organic 
chemical vapor deposition (MOCVD). In semiconductor laser, the multilayers of 
this compound semiconductor film are formed and it functions as a quantum well, 
a barrier layer, a cladding layer, a cap layer, etc., respectively. The 
silicon-dioxide film etc. is formed timely into the above-mentioned multilayers. At 
the etching process in a component production process, compound 
semiconductor multilayers show a metal salt-property chemically, a wafer front 
face is a hydrophilic property and a silicon semi-conductor shows different 
chemical reactivity at it. So, generally the etching reagent of a compound 
semiconductor is constituted considering an acid or alkali as an pervasion 
component. 



[0003] The etching reagent mixes organic acids (carboxylic acid), such as a 
tartaric acid and an acetic acid, uses them as buffer solution, stabilizes the 
property of an acid, and raises an etching property to an inorganic acid, and is 
used for it in many cases. Although the dissociation degree of a proton belongs 
to weak acid low compared with an inorganic acid, there are the molecular 
structures various by the organic acid, and, as for a carboxylic acid, the 
difference in the molecular structure has effects of various on an etching 
property. Moreover, hydrogen peroxide solution is added further, the 
erosiveness over the anion component of a compound semiconductor is raised, 
and an etching reagent is constituted in many cases. 

[0004] Mixing with organic carboxylic acids, such as a tartaric acid and an acetic 
acid, and using inorganic acids, such as a sulfuric acid and a hydrochloric acid, 
as a selection etching reagent to AIGalnP/GalnP as a selection etching reagent 
of compound semiconductor multilayers, conventionally, by the production 
process of the compound semiconductor device which consists of AIGalnP used 
for red laser etc., GalnP, etc., is indicated by JP,7-86698,A. 
[0005] Moreover, the etching reagent without the selectivity which consists of 
mixed liquor of an acetic acid, a hydrochloric acid, and hydrogen peroxide 



solution was known. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned 
conventional etching reagent, since it had etch selectivity with ingredients, such 
as GaAs, AIGaAs, AIGalnP, GalnP, etc. which constitute a compound 
semiconductor device, or the anisotropy of etching arose, there was a problem 
of could etch neither into the compound semiconductor film which consists of 
GaAs, AIGaAs, AIGalnP, or GalnP at the same rate, or producing the dry area of 
the front face of for example, the compound semiconductor film. That is, there 
was a trouble that there was no etching reagent which prevents that the dry area 
of the front face of the compound semiconductor film arises, and etches a front 
face flat and smooth. 

[0007] The mixed liquor of the further above-mentioned acetic acid, a 
hydrochloric acid, and hydrogen peroxide solution had the trouble that an 
etching side was not smooth, either, when acetic-acid concentration had a 
strong odor and it was hard to deal with it on an activity very highly (80% or 
more). 

[0008] Moreover, although the tartaric acid was a carboxylic acid which the 



solubility to water is also high and fitted etching as an organic acid to be used, 
when there were three kinds of optical isomers, D-, L-, and meso-, with the 
relative position of an OH radical and a carboxyl group and etching was 
influenced of light, there was a property which forms a TARUTORATO metal 
complex, and there was a fault that an etching process was tinctured with 
complexity. 

[0009] Then, this invention sets it as the first purpose to offer the etching reagent 
of the compound semiconductor film without selective reaction nature which is 
the same rate about each of each compound semiconductor film, such as GaAs, 
AIGaAs, AIGalnP, and GalnP, and can etch a front face so that it may become 
smooth. 

[0010] Moreover, the second purpose of this invention is constituted using the 
above-mentioned etching reagent, and is to offer the etching approach of the 
new compound semiconductor multilayers which vary and can realize 
pattern-like selective etching of the high definition of compound semiconductor 
multilayers that there is nothing. 
[0011] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 



problem, the etching reagent of the compound semiconductor film of this 
invention consists of etching reagents of the compound semiconductor film 
which consists of a water solution containing four components of an acetic acid, 
a sulfuric acid, a hydrogen chloride, and a hydrogen peroxide. 
[0012] The etching reagent of the compound semiconductor film which does not 
have the selective reaction nature which all of each compound semiconductor 
film, such as GaAs, AIGaAs, AIGalnP, and GalnP, are the same rates, and is 
etched finely by this configuration is obtained. 

[0013] Moreover, the etching approach of the compound semiconductor film of 
this invention With the etching reagent which consists of a water solution 
containing four components of an acetic acid, a sulfuric acid, a hydrogen 
chloride, and a hydrogen peroxide A part of 1st semi-conductor layer which 
consists of Alx1Ga1-x1-y-2lny2P (0.1 <=x1<1, 0<y2<0.9) formed on the 
semi-conductor layer which consists of Ga1-y1lny1P (0 <=y1 <=1) The process 
which etches the 2nd semi-conductor layer both which consists of Ga1-y3lny3P 
(0 <=y3 <=1) layer or an Alx2Ga1-x2As (0 <=x2<1) layer, With the high selection 
etching reagent of the selectivity of AIGalnP and GalnP, the process which 
carries out selective etching of said 1st semi-conductor layer on said 



Ga1-y1lny1P (0 <=y1 <=1) semi-conductor layer is established. 

[0014] The etching approach of the compound semiconductor multilayers which 

vary and can realize pattern-like selective etching of the high definition of 

compound semiconductor multilayers by this configuration that there is nothing 

is acquired. 

[0015] 

[Embodiment of the Invention] Using the etching reagent of this invention as the 
etching reagent of the compound semiconductor film which consists of a water, 
solution containing four components of an acetic acid, a sulfuric acid, a hydrogen 
chloride, and a hydrogen peroxide, all these four components are required and 
each of this component has the following operations to the lll-V compound 
semiconductor film. 

[0016] lll-V compound semiconductor film; 

III group element: (B) put together, aluminum and Ga, V group element: (N) put 
together In, P, As (Sb), 
Crystal (compound); 

: of 2 yuan GaP, InP, GaAs, InAs of 3 yuan: A hydrogen-peroxide component 
makes an anion component (As, P) easy for an AIGaP, AIGaAs, AllnP, 



AllnAsGalnP, GalnAs, and : of 4 yuan AIGalnP and AIGalnAs [ of 5 
yuan ]:AIGalnAsP(1) hydrochloric-acid (hydrogen chloride water solution) 
component to often etch aluminum, and to oxidize and etch. Since the arsenious 
acid (OH) As 3 generated at a reaction with an acid cannot melt into water easily, 
especially the arsenides (AIGaAs, GaAs, etc.) of advance of an etching reaction 
are late. However, the arsenic acid (OH) AsO 3 which oxidized by H202 melts 
into water well in deliquescence for a while (solubility 630g/100gH2O). So, H202 
with the oxidation are added to an etching reagent, and an etching reaction is 
advanced. 

(2) The ratio of a hydrochloric-acid component and a hydrogen-peroxide 
component determines the balance of the etch rate of the GalnP system film and 
the GaAs system film. 

(3) Addition of a sulfuric acid has the flattening effectiveness of the etch rate of 
each compound semiconductor film. 

(4) An acetic acid is an indispensable component and carries out strong fluxing 
action [ un-choose ] to each semi-conductor film with a (acetic-acid + hydrogen 
peroxide). 

[0017] Like an operation of the above (2), in order for the ratio of a 



hydrochloric-acid component and a hydrogen-peroxide component to determine 
the balance of the etch rate of the GalnP system film and the GaAs system film, 
it is desirable for the weight ratio of the hydrogen chloride and hydrogen 
peroxide which are contained in an etching reagent to be in or more 0.4 four or 
less range, and especially, in the 1 .2 neighborhoods, the balance of an etch rate 
becomes uniform and is the most desirable. 

[0018] Moreover, as an etching reagent of the compound semiconductor film, it 
is made a weight ratio and the content of a hydrogen chloride is 0.6 or less [ 0.2 
or more ] to an acetic acid 10, the content of a hydrogen peroxide is 0.5 or less 
[ 0.16 or more ], and it is desirable for the content of a sulfuric acid to be 18 or 
less [4.6 or more ]. 

[0019] The manufacture approach of the etching reagent of the compound 
semiconductor film of this invention An acetic acid 10 is received at the rate of a 
volume ratio. The hydrochloric acid of 36 % of the weight of hydrogen chloride 
contents 1.5 or less [ 0.5 or more ] Hydrogen peroxide solution of 30 % of the 
weight of hydrogen-peroxide contents 1.5 or less [ 0.5 or more ] While obtaining 
the water solution which prepared 64% of the weight of the sulfuric acid 20 or 
less [ 5 or more ] and giving the almost same etch rate to each component of 



GaAs, AIGaAs, AIGalnP, and GalnP Since 64% of the weight of a sulfuric acid is 
only added 20 or less [ 5 or more ] to an acetic acid 1 0, it is hardly generated but 
generation of heat of an etching reagent carries out operation that the activity of 
preparation of an etching reagent becomes simple. 

[0020] In addition, although various mixed approaches are in the preparation 
approach of other components of the etching reagent of this invention as well as 
the case of the above-mentioned sulfuric acid, if it becomes the density range 
same like the case of the above-mentioned sulfuric acid as the range shown in 
the claim of this invention, the same effectiveness will be achieved even if mixed 
approaches differ. 

[0021] The etching approach of the compound semiconductor film of this 
invention With the etching reagent which consists of a water solution containing 
four components of an acetic acid, a sulfuric acid, a hydrogen chloride, and a 
hydrogen peroxide A part of 1st semi-conductor layer which consists of 
Alx1Ga1-x1-y2lny2P (0.1 <=x1<1, 0<y2<0.9) formed on the semi-conductor 
layer which consists of Ga1-y1lny1P (0 <=y1 <=1) It has the process which 
etches the 2nd semi-conductor layer both which consists of Ga1-y3lny3P (0 
<=y3 <=1) layer or an Alx2Ga1-x2As (0 <=x2<1) layer, and an etching side has 



homogeneity and an operation of being smooth. 

[0022] The etching approach of the compound semiconductor film of this 
invention About this configuration, with the etching reagent which consists of a 
water solution containing four components of said acetic acid, a sulfuric acid, a 
hydrogen chloride, and a hydrogen peroxide Said a part of 1st semi-conductor 
layer After the process which etches said 2nd semi-conductor layer both, with 
the high etching reagent of the selectivity of AIGalP and GalnP The process 
which carries out selective etching of said 1st semi-conductor layer on said 
Ga1-y1lny1P (0 <=y1 <=1) semi-conductor layer is established, and an etching 
side has an operation that homogeneity and the pattern of a high definition which 
is smooth and does not have over etching can be formed. 
[0023] When the operation is further stated to a detail, a part of 1st 
semi-conductor layer above-mentioned in this invention At the process which 
etches the 2nd semi-conductor layer both which consists of Ga1-y3lny3P (0 
<=y3 <=1) layer or an Alx2Ga1-x2As (0 <=x2<1) layer Since there is almost no 
selectivity over AIGalnP and GalnP of an etching reagent even if impurity 
contamination etc. is shown in the 1st semi-conductor layer front face, a smooth 
etching side can be formed. Therefore, also in the process which carries out 



selective etching of the 1st continuing semi-conductor layer, the homogeneous 
high etching side where variation is small is acquired. 

[0024] If an etching reagent with the high selectivity of AIGalnP and GalnP is 
especially used for the process which carries out selective etching of the 1st 
semi-conductor layer, much more the effectiveness 

[0025] In addition, it is desirable to use the etching reagent which consists of a 
mixed solution of a hydrochloric acid and a polyfunctional carboxylic acid as a 
selection etching reagent in the above-mentioned process, and by making it 
such, raise the fluxing action of a hydrochloric acid, a polyfunctional carboxylic 
acid raises selectivity, and it is made to stabilize, and has the operation of 
making the etching side where homogeneity is high and smooth form. 
[0026] In addition, a polyfunctional carboxylic acid means the carboxylic acid 
containing two or more functional groups (a carboxyl group is included), and 
means the carboxylic acid which contains [ in all / two or more ] a carboxyl group, 
a hydroxyl group, the amino group, etc. in intramolecular. As a concrete 
polyfunctional carboxylic acid, there is amino acid, such as dicarboxylic acid, 
such as hydroxy acid, such as a lactic acid, a tartaric acid, a citric acid, a glyceric 
acid, and a malic acid, and oxalic acid, a malonic acid, a maleic acid, boletic acid, 



a succinic acid, and a glycine, an alanine, a serine, a valine, etc. 
[0027] Moreover, it is desirable for the mixed ratio of the hydrochloric acid / 
polyfunctional carboxylic acid of a mixed solution to be [ for the volume of the 
50 % of the weight water solution of said polyfunctional carboxylic acid ] or more 
1 four or less range to the volume 1 of the hydrochloric acid (specific gravity [ say 
/ concentrated hydrochloric acid and following c-HCI ] 1.18) of 36 % of the weight 
of hydrogen chloride contents, the polyfunctional carboxylic acid of this mixed 
range raises and stabilizes the selectivity of etching, and homogeneity carries 
out the operation of making a smooth high and etching side form. 
[0028] In addition, as an etching property, an etching configuration, the 
homogeneity of etching covering the whole wafer surface, etc. are important in 
addition to an etch rate, and the homogeneity covering the whole wafer surface 
of etching in hydrochloric-acid concentration improves more in the high 
concentration field below 50 volume % (it is made a volume ratio and is 
c-HCI:50 % of the weight polyfunctional carboxylic-acid =1:1-3) above 25 
volume %. 

[0029] On the other hand, in the low concentration field below 50 volume % (it is 
made a volume ratio and is c-HCI:50 % of the weight polyfunctional 



carboxylic-acid =1:1-3), the selectivity of hydrochloric-acid concentration of 
etching improves further above 25 volume %. The field of the mixed ratio of the 
above-mentioned hydrochloric acid / polyfunctional carboxylic acid has the 
outstanding hybrid effectiveness that etch selectivity has the maximal value to a 
mixed presentation ratio as shown in drawing 3 . 

[0030] Moreover, the property to be small has the influence on the etch rate by 
the class of the water with which the etch rate in the mixed solution of the 
above-mentioned hydrochloric acid and a polyfunctional carboxylic acid is added 
by it almost depending on hydrochloric-acid concentration, or carboxylic acid. 
Although, as for the etch rate to this AIGalnP, 200-400 (a part for nm/) are 
suitable from on the activity, especially as concentration of the hydrochloric acid 
(c-HCI) of an etching reagent, near below 33 volume % is suitable from the 
balance of the rate of etching, and homogeneity above 25 volume %. 
[0031] In addition, it may be made a volume ratio, a ratio with a polyfunctional 
carboxylic acid may be fixed c-HCI:50% of the weight, and it may dilute with 
water, and may prepare. 

[0032] It is desirable to use dicarboxylic acid or optical inactive hydroxy acid as 
the above-mentioned polyfunctional carboxylic acid, dicarboxylic acid has an 



operation of raising the solubility of the generation metal salt by etching, in a 

polyfunctional carboxylic acid, and, on the other hand, it has the property in 

which optical inactive hydroxy acid is optical inactive, and its compatibility with 

water is also high in a carboxylic acid with much optical activity. 

[0033] As concrete dicarboxylic acid, there are oxalic acid, a malonic acid, a 

maleic acid, boletic acid, a succinic acid, a malic acid, etc. 

[0034] Moreover, although there are a tartaric acid, a lactic acid, a glyceric acid, 

a malic acid, etc. in hydroxy acid, there are a glycolic acid, a citric acid, etc. as 

optical inactive hydroxy acid. 

[0035] Moreover, it is desirable to use what is especially a kind chosen from the 
malonic acid and the glycolic acid as a polyfunctional carboxylic acid, and a 
malonic acid is dicarboxylic acid which two carboxyl groups combined through 
the methylene group, and when it is an optically inactive object with the property 
as an acetic acid and almost same acid, it has the outstanding operation of 
raising the solubility of the generation metal salt by etching. Since the solubility 
of a malonic acid to water is also high at odorless microcrystal fine particles 
(melting point of 134 degrees C) unlike an acetic acid, it carries out endoergic 
and melts into water easily, it can use 50% of the weight of a water solution as 



an undiluted solution. There are most of this water solution and the description of 
being easy to deal with it by no odor on an activity. A malonic acid is 
disassembled into an acetic acid and a carbon dioxide at the time of thermal 
decomposition. 

[0036] On the other hand, by the molecular structure which the OH radical 
permuted by the acetic acid, a glycolic acid is optical inactive hydroxy acid with 
the simple structure which cut the tartaric-acid molecule to two exactly, and the 
solubility to water is also high and it fits this invention. 

[0037] Hereafter, the gestalt of operation of this invention is explained using 
drawing 3 from drawing 1 . In addition, in a drawing, the thing of weight % is 
expressed wt%. 

[0038] (Gestalt 1 of operation) Drawing 1 shows an example of the etching 
property of the etching reagent of the non-selectivity of this invention. As an 
etching reagent of this invention, the acetic-acid (specific gravity 1.07) 10 section 
is received at the rate of a volume ratio. A hydrochloric acid (c-HCI: 36 % of the 
weight of hydrogen chloride contents, specific gravity 1.18) The one section (it 
considers as a hydrogen chloride content and equivalent to the 0.36 weight 
section), The mixed water solution of the ten sections was prepared [ hydrogen 



peroxide solution (30 % of the weight of hydrogen-peroxide contents, specific 
gravity 1.12) ] for the one section (it considers as a hydrogen-peroxide content 
and equivalent to the 0.3 weight section), and a 50 volume % sulfuric acid (a 
64-% of the weight sulfuric acid, specific gravity . 1.54). When it etches with this 
etching reagent to four kinds of compound semiconductor film, 
aluminumO.25GaO.25lnO.5P, Ga0.5ln0.5P, aluminumO.5GaO.5As, and GaAs, 
the outstanding property of giving the almost same etch rate like drawing 1 and 
of not choosing is shown. 

[0039] Drawing 2 is what shows an example of the sectional view of the ridge 
mold semiconductor laser in which the compound semiconductor multilayers by 
the etching approach of this invention were formed. (Gestalt 2 of operation) 2nd 
p mold cladding layer 6 which consists of the middle class 8 who consists a 
mask 7 of a GalnP layer of drawing 2 after formation (a), and an AIGalnP layer is 
etched finely. Etching is stopped in the etching halt layer 5 which consists of a 
GalnP layer, there is no over etching, and it has an operation of forming a front 
face flat and smooth uniformly [ ridge / 13 / of a configuration like drawing 2 (b) ]. 
[0040] The semi-conductor multilayers which form that of ** are formed of a 
Ga0.5ln0.5P semi-conductor layer (top layer) etc. as AIGalnP layer 6a as 



aluminumO.25GaO.25lnO.5P layer (bottom layer) and GalnP layer 6b for 

example, on the Ga0.5ln0.5 etching halt layer 5 which consists of P. 

[0041] Moreover, the above-mentioned etching is performed by two steps of 

following etching processes using the new etching reagent of following this 

inventions. 

[0042] That is, on these semi-conductor multilayers, after forming a mask pattern 
7 by the silicon-dioxide film, the non-selectivity etching reagent of the gestalt 1 of 
the above-mentioned implementation is used as the 1st etching process, and 
pattern formation of both the interlayer 8 (top layer) of above-mentioned 
Ga0.5ln0.5P and a part of 2nd p mold cladding layer 6 (bottom layer) of 
above-mentioned aluminumO.25GaO.25lnO.5P is etched and carried out. 
[0043] With the selectivity etching reagent which consists of the 
above-mentioned hydrochloric acid/carboxylic acid as the 2nd etching process, 
the above-mentioned aluminum0.25Ga0.25ln0.5P semi-conductor layer 6 
(bottom layer) which remains is etched that there is completely no over etching, 
and a beautiful ridge-like pattern with a smooth front face is obtained. 
[0044] An example of the etching property of the AIGalnP/GalnP selection 
etching reagent of this invention used here is shown in drawing 3 . Drawing 3 is a 



property at the time of using two kinds, a malonic acid and a tartaric acid, as a 
polyfunctional carboxylic acid of a selection etching reagent. It turns out that it 
has the hybrid effectiveness which was excellent as mentioned above. 
[0045] It mixes at a rate of the volume 2 to the volume 1 of each hydrochloric 
acid (36 % of the weight of hydrogen chloride contents, specific gravity 1.18) 
using a malonic-acid water solution 50% of the weight, and the AIGalnP/GalnP 
selection etching reagent at the time of using a malonic acid prepares a selection 
etching reagent. Its homogeneity of etching is also so high that the interference 
fringe pattern by the unevenness of etching [ after etching ] on a wafer cannot 
observe this etching reagent visually at all about AIGalnP/GalnP selective 
etching. 

[0046] This is further embedded in n mold embedding layers 9, such as a 
n-GaAs layer and a n-AIGaAs layer, p mold embedding layer 10, the 1st 
electrode 11, and the 2nd electrode 12 are formed further, and semiconductor 
laser like drawing 2 (d) is produced. 

[0047] Moreover, as a configuration of the ridge 13 to which the etching 
approach of this invention is applied, 3 lamination which added the p-GaAS layer 
(cap layer) further may be formed between the masks 7 besides the two-layer 



configuration of the above interlayers 8 and 2nd p mold cladding layer 6. 
[0048] Moreover, since this invention can form mesa mold structure according to 
an etching process, it can be used also for production of the semiconductor laser 
of a mesa mold by embedding and forming waveguide in a crevice. 
[0049] Next, the example of this invention is explained. 

[0050] (Example 1) The water solution which prepared the one section for the 
hydrochloric acid (specific gravity 1.18), and prepared the one section and 64-% 
of the weight sulfuric-acid (specific gravity 1.54) 10 section for hydrogen 
peroxide solution (specific gravity 1.12) to the acetic-acid 10 section as an 
etching reagent at the rate of a volume ratio was prepared. 
[0051] Moreover, as semi-conductor multilayers, on the GaAs substrate of 
500-micrometer thickness, the wafer which carried out sequential formation of 
the Ga0.5ln0.5P layer of 200nm thickness, the aluminumO.25GaO.25lnO.5P 
layer of 300nm thickness, the Ga0.5ln0.5P layer of 70nm thickness, and the 
GaAs layer of 100nm thickness was prepared, and the pattern of the shape of a 
width-of-face pitch [ of 2 micrometers ] 28micrometer stripe was formed by the 
photoresist. 

[0052] With the above-mentioned etching reagent, this wafer was etched by 



each time amount for 20 seconds, 40 seconds, 60 seconds, and 80 seconds. 
After removing a photoresist, when the etching cross section of a wafer was 
observed with the scanning electron microscope 10,000 times the scale factor of 
this, it turned out that the etching side which has the level difference of 120nm, 
270nm, 410nm, and 560nm from a front face, respectively and which is not 
extremely visible to a mirror plane, and has neither an etch residue nor a 
reaction affix is formed irrespective of the ingredient of each class. [ of near and 
irregularity ] 

[0053] (Example 2) The water solution which prepared the 0.7 sections for the 
hydrochloric acid (specific gravity 1.18), and prepared the 0.7 sections and 64-% 
of the weight sulfuric-acid (specific gravity 1.54) 15 section for hydrogen 
peroxide solution (specific gravity 1.12) to the acetic-acid 10 section as an 
etching reagent at the rate of a volume ratio was prepared. 
[0054] Moreover, as semi-conductor multilayers, on the GaAs substrate of 
500-micrometer thickness, the wafer which carried out sequential formation of 
the Ga0.5ln0.5P layer of 140nm thickness, the aluminumO.25GaO.25lnO.5P 
layer of 200nm thickness, and the GaAs layer of 70nm thickness was prepared, 
and the pattern of the shape of the same width-of-face pitch [ of 2 micrometers ] 



28micrometer [ as an example 1 ] stripe was formed by the photoresist. 
[0055] With the above-mentioned etching reagent, this wafer was etched by 
each time amount for 20 seconds, 40 seconds, 60 seconds, and 80 seconds. 
After removing a photoresist, when the etching cross section of a wafer was 
observed with the scanning electron microscope 10,000 times the scale factor of 
this, it turned out that the etching side which has the level difference of 75nm, 
190nm, 270nm, and 380nm from a front face, respectively and which is not 
extremely visible to a mirror plane, and has neither an etch residue nor a 
reaction affix is formed irrespective of the ingredient of each class. [ of near and 
irregularity ] 

[0056] (Example 3) Like drawing 2 (a) The etching halt layer 5 which consists of 
p-Ga0.5ln0.5P of n mold cladding layer 2, a barrier layer 3, and 4 or 15nm 
thickness of p-aluminum0.25Ga0.25ln0.5 p mold cladding layers of ** the 1st 
which consists of P on the n mold GaAs semi-conductor substrate 1 of 
500-micrometer thickness, Sequential formation of 2nd p mold cladding layer 6 
which consists of p-aluminumO.25GaO.25lnO.5P of 1100nm thickness, and the 
interlayer 8 who consists of p-Ga0.5ln0.5P of 50nm thickness is carried out. The 
wafer of the compound semiconductor multilayers in which the mask 7 which 



furthermore consists of a silicon dioxide of the shape of a width-of-face [ of 2.6 
micrometers ] and pitch 300micrometer stripe was formed was prepared. 
[0057] Two steps of following etching processes were performed using the 
above-mentioned wafer. 

[0058] Using the non-selectivity etching reagent of the above-mentioned 
example 1 as the 1st etching process, it etched for 20 seconds and about 120nm 
thickness etching of a part of 2nd p mold cladding layer 6 (about 70nm 
thickness) which becomes the interlayer 8 who consists of p-Ga0.5ln0.5P of said 
50nm thickness from p-aluminumO.25GaO.25lnO.5P was carried out in total. 
[0059] Subsequently, 500ml of mixed solutions of 
concentrated-hydrochloric-acid (HCI content: 36 % of the weight):50 % of the 
weight malonic-acid water-solution =1:3 was prepared as a selection etching 
reagent used for the 2nd etching process. When it was immersed and the 
above-mentioned wafer was etched, 2nd p mold cladding layer 6 which consists 
of the above-mentioned aluminumO.25GaO.25lnO.5P which remain in about 4 
minutes has etched that there is completely no over etching. When the cross 
section of the 2nd p mold cladding layer 6 was observed with the scanning 
electron microscope 10,000 times the scale factor of this, it turned out that the 



ridge 13 which the ridge 13 of a beautiful configuration as shown in drawing 2 (b) 
is formed, and whose irregularity cannot be seen, and has neither an etch 
residue nor a reaction affix is obtained. 

[0060] The outside of the ridge 13 section was further embedded after this by n 
mold embedding layer 9 which consists of n-GaAs like drawing 2 (c), the 
electrodes 11 and 12 of p mold embedding layer 10 which consists of p-GaAs 
still as shown in (d), and a pair were formed, and ridge mold red semiconductor 
laser was completed. 

[0061] (Example 4) Like drawing 2 (a) The etching halt layer 5 which consists of 
p-Ga0.5ln0.5P of n mold cladding layer 2, a barrier layer 3, and 4 or 15nm 
thickness of p-aluminum0.25Ga0.25ln0.5 p mold cladding layers of ** the 1st 
which consists of P on the n mold GaAs semi-conductor substrate 1 of 
500-micrometer thickness, Sequential formation of the interlayer 8 who consists 
of p-Ga0.5ln0.5P of 6 or 30nm thickness of p-aluminum0.25Ga0.25ln0.5 p moid 
cladding layers of ** the 2nd which consists of P of 1100nm thickness, and the 
cap layer which consists of p-GaAs of 30nm thickness is carried out. further - 
width-of-face pitch [ of 1.3 micrometers ] 150micrometer -- the wafer of the 
compound semiconductor multilayers in which the mask 7 which consists of a 



stripe-like silicon dioxide was formed was prepared. 

[0062] Two steps of following etching processes were performed using the 
above-mentioned wafer. 

[0063] Using the non-selectivity etching reagent of the above-mentioned 
example 2 as the 1st etching process, it etched for 40 seconds and about 190nm 
thickness etching of a part of 2nd p mold cladding layer 6 (about 130nm 
thickness) which becomes the interlayer 8 who consists of p-Ga0.5ln0.5P of the 
cap layer which consists of p-GaAs of said 30nm thickness, and 30nm thickness 
from p-aluminumO.25GaO.25lnO.5P was carried out in total. 
[0064] Subsequently, 500ml of mixed solutions of 
concentrated-hydrochloric-acid (HCI content: 36 % of the weight):50 % of the 
weight tartaric-acid water-solution =1:3 was prepared as a selection etching 
reagent as an etching reagent used for the 2nd etching process. When it was 
immersed and the above-mentioned wafer was etched, 2nd p mold cladding 
layer 6 which consists of the above-mentioned aluminumO.25GaO.25lnO.5P 
which remain in about 3.5 minutes has etched that there is completely no over 
etching. When the cross section of the 2nd p mold cladding layer 6 was 
observed with the scanning electron microscope 10,000 times the scale factor of 



this, it turned out that the ridge 13 which the ridge 13 of a beautiful configuration 
as shown in drawing 2 (b) is formed, and whose irregularity cannot be seen, and 
has neither an etch residue nor a reaction affix is obtained. 
[0065] The outside of the ridge 13 section was further embedded after this by n 
mold embedding layer 9 which consists of n-GaAs like drawing 2 (c), the 
electrodes 11 and 12 of p mold embedding layer 10 which consists of p-GaAs 
still like drawing 2 (d), and a pair were formed, and ridge mold red 
semiconductor laser was completed. 

[0066] (Example 5) The same 1st etching process as an example 3 was 
performed using the wafer of the same compound semiconductor multilayers as 
an example 3. 

[0067] Subsequently, 500ml of mixed solutions of 
concentrated-hydrochioric-acid (HCI content: 36 % of the weight):50 % of the 
weight malonic-acid water-solution =1:2 was prepared as a selection etching 
reagent used for the 2nd etching process. When it was immersed and the 
above-mentioned wafer was etched, 2nd p mold cladding layer 6 which consists 
of the above-mentioned aluminumO.25GaO.25lnO.5P which remain in about 80 
seconds has etched that there is completely no over etching. When the cross 



section of the 2nd p mold cladding layer 6 was observed with the scanning 
electron microscope 10,000 times the scale factor of this, it turned out that the 
ridge 13 which the ridge 13 of a beautiful configuration as shown in drawing 2 (b) 
is formed, and whose irregularity cannot be seen, and has neither an etch 
residue nor a reaction affix is obtained. 

[0068] The outside of the ridge 13 section was further embedded after this by n 
mold embedding layer 9 which consists of n-aluminum0.5ln0.5P like drawing 2 
(c), the electrodes 11 and 12 of p mold embedding layer 10 which consists of 
p-GaAs still as shown in (d), and a pair were formed, compound semiconductor 
multilayers were formed, and the ridge mold red semiconductor laser which has 
real refractive-index structure was completed. 
[0069] 

[Effect of the Invention] According to the etching reagent with the non-selectivity 
of this invention new as mentioned above, it has the property to etch finely many 
of compound semiconductor film [ each ], such as GaAs, AIGaAs, AIGalnP, and 
GalnP, at the same rate, and the advantageous effectiveness that it can use 
broadly to the compound semiconductor multilayers of varieties is acquired. 
[0070] Moreover, the advantageous effectiveness that dispersion can be 



suppressed and realized is acquired in the pattern-like selective etching of the 
high definition of compound semiconductor multilayers by using combining the 
especially according to selectivity etching reagent etching process using the 
etching process by the etching reagent of the non-selectivity of above-mentioned 
this invention one by one. 

[0071] Thus, this invention can be applied to many production processes 
represented by light emitting devices, such as light emitting diode and 
semiconductor laser, can obtain the compound semiconductor device of high 
performance, and is a so-called size of industrial value. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing an example of the etching property of the etching 
reagent of the non-selectivity by the gestalt 1 of operation of this invention 
[Drawing 2] The sectional view of the ridge mold semiconductor laser which 
forms the compound semiconductor multilayers by the etching approach 
concerning the gestalt 2 of operation of this invention 

[Drawing 3] Drawing showing an example of the etching property of the selection 
etching reagent concerning the gestalt 2 of operation of this invention 
[Description of Notations] 

1 N-type-Semiconductor Substrate 

2 N Mold Cladding Layer 

3 Barrier Layer 



4 1st P Mold Cladding Layer 

5 Etching Halt Layer 

6 2nd P Mold Cladding Layer 

7 Mask 

8 Interlayer 

9 N Mold Embedding Layer 

10 P Mold Embedding Layer 

11 1st Electrode 

12 2nd Electrode 

13 Ridge 
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x -y ^ y 'TM&'WBWli'te^k^? ttH^fe 5, c 

OA 1 G a I n PK3tr«X-yf-y^afitt, ffH±A^ 
P>ti2 0 0-4 0 0 (nm/») JfilLTVSaV x-y 

OJ®i! (c - HC 1 ) orlJgi: LT«. 2 5(*»%fit± 
T?3 3fta%WT#jfiA ,i «ffc3gLT^^o 
[0 0 3 1] ftt5, ftiWittLTc-HC 1 : 5 Ottffl 

xmm?zm&t>h%» 

[0 0 3 2] ±m<D%-gmVk*)]sXyMt LX, Vt>)l 

^11$ L < , ^t^1t*7l'^>'|gcDitiT'> 7 *7l/#y^(i 
x <y ^ > Viz X 5 £j3&JR«©i8ISa%EEi& 5 1 ^ 3 ft 

[0 0 3 3] RftWft ^71/^yKi: LTfi, Wm, 

[0 0 3 4] 3:7c, **^*7l/#y||fctt}BEII» ?L 
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[0 0 3 5] 3c/c, t*)t>lf£'gm&Jvl<Xy&tL 
t T^ffl© * f/HfcWI3£ L 7c /M? >gre, 

DllioagSfift (Rfc£l 3 4°C) TvK^Ojg^Sfc 10 
l^<v eR^tT7KtSatj§tt5<!DT'5 0M»%<D7j<jg 

^H&g?ftlt±]fcD«^W^v^#mfc&5o v 

So 

[0 0 3 6] -15, a-;Wtttf»lcOHa*i««H 
[0 0 3 7] WT, *fgB^<Dllli(D^ffitcOl^T0 1 *> 20 

[0038] mm<Dmm d mi \z*m&#wm 

©X >y f^^lCl >y f - > ^WttO-fRJ*^ *IPJ1 

oxyfyyiStLTS, ft«Ut*TB» (ibMi. o 
7) 1 OgptcftLT, iSH (c-HC 1 : mtfcB&M 

A3 6Sfi%, its i . 1 8) * i a$ mtfcmsGm 
*jR^w«3 oa«%, its i . 1 2) * in gum: 

*jR^W«i:LT0. 3fi«SUctgMD , fcitfSOtt 30 
m%$m (6 4g«%fM?> JtS 1 . 5 4) % 1 03$© 
B^TkiSfflt^SlfiUfco <r©x-yf-y^lgT\ A 1 o.25 
G a 0.25 I no.5 P> G a.0.5 I nos P> A 1 0.5 G a 
0.5 As, GaAs04flMQft^¥*ftiKlC#LT 
x-y^y^t7ci:C5, 01 ©«fc5fcB#rai;x«y?- 

[00 3 9] (Hfig(D^<g2) 02{±*^<DX«y^> 

SW*U— »f-©»rffi0©-ffl£^-f *>©T\ VX^/7I; 
AM&02 (a) ©G a I n Pjf £ <9 ftS^fSJI 8 i:A 40 
1 G a I n P»«fcD*;5!B2©pi!*7-y K»6fc£S 

w±m 5 Txyf y^M^w-^-x7f yytf 

*<» 02 (b) <D£51tl&R<DV'yi?l 3**9— »C*» 

[0 0 4 0] C0*£j£*-S¥*tt$jMlia. 
Gao.5 I no.5 P±D4SX«yf-yyfPilJi5±E, A 

1 G a I n PH6 a i:LTA 1 0.25 G a 0.25 I no.5 P 
S (TUB) . 33«fctfG a I n PI6 bt LTG a 0.5 50 
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I no.5 P*m»m (±fflJB) 4H£<fcoT«JgSn 
§0 

[0 0 4 1] Sfc, ±fBx«y^>yf±, 
WOfHHax-yf-y^jft^fflV^T, SOZgfiOXyf 

[0042] -r&fc-^ £<D!tmfc&mm±.icm7Lif=- 
mittrsmmT^xtr^z-yi *Bj&Lrd&. mix. 

Vf-yrxmt IT, ±f3Hfl&©JBll 1 ©3E«?1$x-y 
f^i<l*ffl^T, ±I3G ao.5 I no.5 P©cpP t SB8 
(±{UH)i:> ±13 A 1 0.25 Gao.25 I nos P©3!2© 
pI^7yFI6 (T«B) ©-gfi:*ftfcx«y^y^ 

[0 0 4 3] %2 3iv?>?XmtLT. ±fB©&H/ 

Tt/^±I3A I0.25 Gao.25 I no.5 P¥a»ftB6 (T 

mm) Zrz&cfr-D*-' ^-x-y3-y-y%<xy?y? 

So 

[0 0 4 4] CCTffl^S^BOA 1 G a I n P/G 
a I nPIKX7fy^l©X7f> ^1$ttO-fl»J%H 

3 t^-To 0 3 «a^x y t y rmoztamiitix y 

ttT'&S. ±13® J: 9 tflinfc-'W^y >y K»***L 

[0 0 4 5] TDyii&I^^OA IGalnP/ 
GalnPIRlvfy^tt, 5 0Sft%VO>®7j< 

1. 1 8)-OftlHlCWtT, (*«2 0SiJ#Tfi'&LT 
HjRXy^>^iK*SI^-r5o itDX-y^^^fgli, A 

1 G a I n P/G a I n Pg#?x>y f-y^fcHLT, X 
•y *y>?mc. >7X/N±{cx<y y y©t? & e J: 5T»» 
IftTWR U#& WS ifX >y ^>^*CD^-14 

[00 4 6] Z.Wk%h\Z. n-G a A sl-Vn-A 1 
G a A sjl^ifcDn§yS46jA*iB9T'iiJ6JA^ $&tC 
p^fflfeiA^Bl 0, SlOtil K S20ttffil 2 
^«fi!tLT, 02 (d) ©*dft*«»U— «f-*ftH 

[0 0 4 7] *»X7f>^g«?tl 
i.'J>yv ? l 3©1«^i:LT{±, ±13© J: o %*?$m 8 t 
S2fflpli'77 Fm6t(D2mffil£(Di5.i)\ ~?X^7 
£<Dm\Z-£t>\Zv-G a ASH (^^-y^S) £iD*7c 

[0 0 4 8] $fc*»Wtt, X7fy^Ig(CJ:^T^ 

[0 0 4 9] £te, *»Woa*M*KiBt«. 
[0 0 5 0] (*^J 1 ) x.y?ymt LT, ^tthb 
1 OSPtC^f LT, iM?g (Jtfi 1 . 1 8) « 1 
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a& m&{t7km7k (its i . 1 2 ) % i », 4o<fct>'6 4 

£ff%ffi»(Jt£l. 5 4) 1 0»*»&Lfc*iB«;£ 

[0 0 5 1] Sfc, .*«»^JMIfcLT, 5 00^mJ* 
©GaAslt5±tx 200nmfOGao. s I nos P 
3 0 0 nmJScDA loa G a 0.2s I nos Pf v 7 
OnmJJcDGaos I nos PB* & itf 1 0 0 n mB<D 
G a A sS^llg^figLfe^x/N^fflSL, * h l^>*7. 
h T*iH 2 fi m e >y ^ 2 8 /t m<DX h 7^ ^lRO/<*— > 
£JfMLfc 0 10 

[0 0 5 2]lEX7f^*?, d©>>x/N^20 

5, #Bo*micfrfrfc>5>i\ ^n^nsfficto 1 2 0 

nnu 2 7 0 nm, 4 1 0 n rru 560nmOSi?;t 
[00 5 3] (A#0!2) xyf^^KtLT, ftilJt 20 

mxmmi omzitLx. mm otsi. 1 8) %o. 

j8»fb*** (Jtfil. 12) *0. 7SP, fc<fc 

tf6 4ii%6i ami. 54) 1 5a%w#Lfc* 

[0 0 5 4] 3:7c, ¥«tt£BIii:LT, 500(im| 
CDGaAs8S±lC, 14 0nmJS©Ca.. s I no.s P 
B, 2 0 0 nmJPOA 1 o.a G a ts I nos PH. 
<fct>*7 0 nmJfcDG a A s B^JlRMML/c^x/vgrfl? 
* U * h U^X h T'Uffi^J 1 i: RtKOW 2 fi m \L y f- 
2 8 /*m©Xh7^y#©^#->£m$Lfc„ 30 

[0 0 5 5] ±Ex<yf->^T, ilOXAiZO 
g\ 4 0#, 6 0#, 8 0S>tD#^T'X«y^>^L 

fco *H/^h4H4LftI« ^xAfflx-yfyyi 

3, #B©*mfc*^fc>5>-f, ^WFttSiBJ: t> 7 5 n 
rru 190nm, 2 7 0 nm, 3 8 0 n mOlSM^Wt" 
5«i&T«Iiifc:ia< , Hfl^l^f^x-yfy^li 

^sis#i*(D%t>x7f>WMsnti/^ c t 

[00 5 6] (fttt#»j3) 02(a)0±3K, 5 0 0 /t 40 
ralCnSG a A s ¥#ft*1£ 1 ±1C nS>^7 -y KM 
2, S14B3, p-Alo. z5 Gao. 2 5 I nos Pck'9% 
SllOpi^77K!4, 1 5 nmffOp-G ao.5 

I nos PitJfcSx-y^y^itBS, llOOnm 
BUOp-Alaa Gaoa 1 nos PJ;9&3^2©p 
mtyv KB6, fcit/5 0 nmJP<Dp-G a as In 
o. 5 P«fc!)&S*HUB8*«3a&riiU £5 fcff 2. 6 
fim, e-yf-3 0 0 pmG)7>h i 7<<'?Vi<0^gt<k J r<{% 

«to^5vx^7^®^L t&vs*mw$rmm<D *> x 

M^rfflicLfco 50 
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[0 0 5 7] ±ffi*X/\*ffl^T\ ^<D«fe^%^@Pg© 
X >y ^ > ^Ig^fe H £ ~i tco 
[0 0 5 8] SlX9f^IgkLT, ±ISHfie^Jl 

t, MI25 0 nmJP<Dp-G ao-s I nos PctO^i)^ 
^B8^p-Alo.2s Gao.25 I no.5 PJ:f3&3S?2 
Opli'77 KB6©-gfl GI&7 0nmJW t^ttT 
**J1 2 0nm)?X7fy^Lf; o 
[0 0 5 9] &^T\ »2Xyf->yiSKffl^5aj? 
X7fyy*Ii:Lt, III (HC 1 ^ffS : 3 6S« 
%) : 5 0M%vDy&7j<*g$= l : 3 0g£»«* 
5 0 0ml fflScLfc ±I2'7XyN^ajILTX>yg : -y^ 
L7ci:il5, 8j4#T?HoTV3±SBA Us Ga., 

1 nos P«tt)**»2©pS^7y KB6*V tc&C 
fiOt-zt-X -y f - > y% < X >y f>^T-t/c„ 

2 pS* 9 ■> KB 6 co»fffi£{g$ l ?afgcDj£Stt?Si 
?»^c«t»j{i^Lfci:C5> 02 (b) tC/Tx-T cfcd&£ 

frOX y * y^^^KfSttfcftO*^ U «y v> 1 3 tfff 

[0 0 6 0] COftSftCU 7->*l 3»©^fil*H2 
(c)0±5tn-G a A s J: 9 nSSft&*B 91C 
(d) Ct^tp-GaAsJ;!) 

&s pgis«>&#B i o t-ttvnm ii, 12 

[00 6 1] (^<*ffll4) H2 (a) ©«fc3*, 5 00 
/tmJpcDngyG a A s ¥WWMW. 1 ±tC nfy? <y KB 
2, @14B3, p-Alo.25 Gao.25 I nos P<fcO& 
5SlOpS^77Kl4, 1 5nmfOp-Ga« s 
I nos P<t<3^5x-yf->^ff±B5, llOOnm 
jp<Dp-Alo25 Gao.25 I nos P £ *) <D p 

I^77KS6, 30nmfOp-Ga« I no.5 Pi 
D^^'t'P^BS, 43J:t>*3 0 nmff<Dp-G a A s <t 0 
45*+77'MH«L, 3/imtf-y 
7^1 5 0 iimXh?'<7tt<D-Mik>r<<,m& , ?%i%-?x 

[0 0 6 2] ±K«>XMJ&ffl^T» *©«t34ziaie<D 
X -y f - > C%-z>Tc 0 
[0 0 6 3] £ 1 X7f>7-Igt LT, ±G&tt0!2 

©#SiRttx-y^yy^fflv^T, 4 owsxvTy? 

L. IJI53 0nmpDp-G a A s <t ») ^ S * -V -y 7°B 
i: 3 0 nm®(Dp-G aos I no.s P «fc 5*5^^8 

t p — A 1 0.25 G a 0.25 I nos P£(3&£gS2<Qp§y 

^ 5 <y KB 6 ©-g|5 (Sl30n mJP) il^tf-T'^J 1 
9 0 nmffX-yf->^Lfc 0 

[0 0 6 4] f2x-y^yyiilclV^X7 

C 1 : 3 6*»%) : 5 0fi»%?SH^7j<S^= 

1 : 3 0S^lifi«S 00m 1 ffllLfc. ±I5'7X/^ 
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a»LTXy^y^tfci:C5> ft 3. 5^Sot^ 
•5±f2Alo.» Gaoa I nos P J; (9 2 <D pgj 
^5>y FS 6 ^±tcAo^-^-x-y^y^<x 
v3-y?x*$rc B to»zopS^7 7 H»6<o»fffi* 
i 75 is©£M?is«« t £ t> sis l £ t c 3 , 0 

2 (b) fc^?-J:5fc*n^*J^<oy.v5M 3jWBj£ 
« tU ^oPflOj&^it ffrOl -y f- y tim* EZtt* 
ftKDfcV'J -y->* 1 3*<1i&tttVS<L hftt>fr-otc 0 
[006 5] C <D»5 ?>{C >; <y ^ 1 3 g|5©MiJ£0 2 
(c) 0<fc$£n-GaAsJ;Dft5nI«ffli&&3WB9 10 

(d) <DJ:3fcp-GaA 
s ±OftSpSffiAii»Sl 0fc-«©««l 1, 12 

LTU -y U-tf-fc^S L fc. 

[00 6 6] (HfttflJ 5 ) Rft&l 3 i: |H|tt©{b£to¥ll 
WlIOiAftffl^, Jlft^fclBlttOjglxy*- 

[0 0 6 7] *l#v^ ^2Xyf-y^ietffll/^5SS? 

^v?-y7mtLT, mmm (hc i-^et«: 3 6ms 

%) : 5 0li%7n>«*ig*=l : 2©S-&»«% 
5 0 0ml ffljRLfco ±E">x/\%j5iHtTx«)»f->^ 20 
LfcfcCS* ft 8 0g>TgteTV>*±EA .Us Ca 
0.25 I no.5 P«t 045^2 <0pfH^7»y KH6*^ ^ 
£fc fro*- m-x «y ;/^& < x >y ^ V **T'f? fco J f 
©SS 2 © p§y * 5 -y KB 6 ©BfiBfcte* l 7?fg0^4« 
?S«j(ltJ:*)l^bfcfcC5» 0 2 (b) iZTfktHo 

A-f^oxyf-y^nSHi^R^fil-afflSOftt^J l 3 
e> ft t v > -5 c t w t>fr o fc 0 

[0 0 6 8] CQft£&lC>;y5>l 3ft3©*M8l*BI2 
(c)<D«fc?fc:n-A Us I nos P <fc t> & 5 n 3*1146 jA 30 
^Ji9lC<fc0ili6jA*-, (d) cD<t5tCp-Ga 

As£9*SpSffli&&*Jil 0fc-*f<D*ffil K 1 

[00 6 9] 

«±©<k 3 c*«ifl©*»?tt©fHfift 

Xyf-^yBtJCtntf, GaAs, A 1 GaAs, Al 
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G a 1 n P. Gain Pfc£0£<©{fr&1MMftti!* 
v vftt & iwHtoiifiT- 1 ftv t x -y f- y 7? % t v ^ 14 

[0 0 7 0] $fc, ±B*»IH«!)|f»RttOXy^y^ 

-VtfSlRXy tf&Otfc«l*.T*n?frS 

[0 0 7 1] <K0«t5t*«W«x fgft^V^-F^ 
jgft U— tf-£ iffSft|g?fcft«£ft5£ < ©<tS7n 

[0ffi©fgm&M] 

ran - *ftW(Dnm<DBm 1 ic * *#»Rtt©x * ^ 

;/**$©x -y ?Wtt©-*^f 0 

[0 2 ] ^wvmmmm 2 tftsxy^^st 

«fc *ft^«iWM**Jiil*»jaW* 'J -y sae^w* u- 

[0 3 ] *f%m<Dnm<D&m 2 ci^i^x «y ^> ^ 

©X -y y <D-m%7Tst 0 
[ft*f©tBHB] 

1 nS*W*»« 

2 ni^77Fl 

3 iSffll 

4 |g 1 (Dpm^yy FS 

5 X'yfy^*f±l 

6 ^2(DpI^7'yKI 

7 vx? 

8 *HJi 

9 nmmtb&frm 

1 0 psa»)i^g 

11 in ©wi 

12 2 ©®s 

13 y -y ey 
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